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ABSTRACT 

Unbroken chiral symmetry (with a vanishing “IJ -term”) relates the 

+‘+ +ar decay amplitude to three basic parameters. Two of these 

parameters put strong angular correlations in the amplitude which are, 

apparently, not observed. Taking these two parameters to vanish, we 

obtain an isotropic decay which is strongly peaked in the region where the 

invariant mass of the TT TI system is large. 
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Although the newly discovered narrow boson resonances i-4 at 

M=3.095GeV $=J andatM’=3.684GeV $I’ 
[ I [I have yet to be fully 

5. explored, the data so far mdicate that these particles are of a hadronic 

P 
nature with quantum numbers J = I- and IGC = O-- . The +’ has been 

observed’ to decay into a + with a branching ratio of 0.57 f 0.08. In 

these decays, the mode 4’ 
f- 

- +nr predominates with a charged in TT 

pair being produc~ed with a probability60f 056 f 0.10. The relative rates for 

** 
+- 

- +n lT and (J’- $+ neutrals indicates that the ~171 system has I=0 . : 

Thus, including ~i’,r’ pairs, the +’ 

~~I< 

- $rr* mode should account for some 

84% of the $J’- + decays. 

The pions produced in the +‘- +r* decay have modest energies.their 

squared invariant mass lying the interval 4m2 5 m 
lr ’ 5 (M’-M)2[0.08 GeV2 Tm 

2 
Srn c 0.35 GeV2 . 

ml I 
In this energy interval, pion-pion rescattering 

corrections are small. 7 Moreover, since the +’ and + resonances are 

very narrow, their interaction with the pions is very small. Thus, the low 

energy constraints implied by chiral symmetry, which we assume is obeyed 

in the decay, should extrapolate into the whole physical momentum region 

without large corrections. We shall assume that the breaking of chiral 

symmetry is a small effect and neglect the “cr -term”. We find that the 

decay amplitude then involves three parameters - coefficients of three 

different momentum - dependent terms. Two of these terms produce 

strong angular correlations in the decay. The data’ suggest that the 

decay is isotropic and indicate that the two coefficients of these terms 
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are small. Guided by the data, we take these two parameters to vanish 

and obtain an isotropic decay amplitude which is strongly peaked at large 

m 
ilTr . Thus, chiral symmetry connects the absence of angular correlations 

with a strong dependence on the invariant mass of the produced IT v pair. 

We should emphasize that if the terms with the strong angular dependence 

were present (terms which fully respect the chiral symmetry), then the 

m 
Tm 

mass distribution would no longer be expected to peak at large values 

of m ml * 

We turn now to our calculation. We denote the four momenta and 

polarization vectors of the $’ and + by P”, > and P’, f , respectively. 

In the laboratory frame, the produced G-particle is slowly moving, with a 

maximum velocity of 0.15 c . Hence, we can treat it as a non-relativistic 

particle with a purely spatial polarization vector eL , and write the decay 

matrix element as a spatial sum, 

M = .z3 
. 

EM 
l,m=l P 1m’m ’ 

We denote the pion four-momenta and isospin indices by ql’ , a and 

v 
92 ’ 

b , with the energy - momentum balance reading qi + q2 + P = P’ , 

Current algebra relates the decay amplitude to the matrix element of axial 

currents which have their pion poles removed, and an additional matrix 

element of the symmetry breaking o-term. We have the exact identity8 

M6ab = F “<+,P,ej i li 
p. atql)‘v, b 

(cont. ) 
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-F 71 -‘(q, 2+q22+mn2)<+, PA I Cab I*’ ,P’,EU> . (2) 

On the pion mass shell q12 = q2’ = -m 
2 

TI , the second, o-term above is 

2 
on the order m 

ll ’ 
and we shall assume that it is negligibly small. The 

structure of the axial current matrix element measures properties of the 

+’ - + system. In the limit where this system is non-relativistic, there 

are three different terms, giving 
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-qlpq2,/ + qloqzoB 1 
+cT.;; 2.;; +;; 2. ;;1)C . 

1 2 2 i 
(3) 

Here the momentum components qf’ and q2” are measured in the 

laboratory frame. Except possibly for S-wave pion-pion rescattering 

corrections, 
7 

the momentum-dependent variation of the amplitudes A, B, C 

should be small, and we shall assume that these amplitudes may be taken to 

be (real) constant parameters. Relativistic corrections increase the 

number of independent amplitudes (for example they add a term involving 

P ++-. 
91 q2p 

E’P E” F), but these should also be small corrections. 

The polarization of the $ particle produced in the decay is 

analyzed by the leptonic decays +- pfp- 
+- 

,$-e e . Since these leptons 

are extremely relativistic, the leptonic decay modes involve the replace- 

:I: 
ment 2 

pole1 em +bpm-~l~m, where c is a unit vector in the 

direction of the relative lepton momentum z measured in the $ rest 

frame, a frame which is well approximated by the laboratory frame. 
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Similarly, the original 4 ’ particle is produced by relativistic e+e- 

annihilation, and it is produced with an alignment 
. .>$ 

<F p E m> =+(a Lm- 

EE), L m where z’ is a unit vector along the beam direction. Working 

out the three body phase space, we find that the distribution 

for the sequential decay $ ’ + 4 TT+TT- , +- pfp- 
+ - 

, e e is given by 

dl? 
dmnlrdCZ 3B qmp 

& dn = z 1 
q P k lm (4rr)‘M’ 2 

* 
IvIINn-f M p m(6f l l -61 .c, H~m,m-~mO~m) . (4) 

Here m 2 2 
7177 = -(q1+q2) is the squared invariant mass of the pion - pion system, 

q;.,, = \G,,j = $(rnz, - 4rnxZ)+ is the magnitude of the relative momentum 

1 of this system in its center of mass, and P = - 
2M’ [ 

(MV2-M2)2 - Z(M”+ 

M2)m2 + m 
4 * 

I TrlT TlTT is the momentum of the $ in the laboratory frame. The 

solid angle element do is that of the relative momentum 
9 

q measured ml ** 
in the TT-TI rest frame: & and dn 

P k 
are the solid angle elements of the 

li, momentum and relative lepton momentum measured in the laboratory 

frame. The branching ratio into the lepton pair is denoted by Bp and the 

matrix elements MI m follow from comparing Eqs. (1) and (3). The 

total rate, without regard for the decay mode of the + particle, is 

obtained from Eq. (4) by deleting the factor Bp and by integrating over 

the solid angle fik . 

If we write the laboratory momentum components qicI and q2” 

in terms of qvv , P , Lorentz boost factors, and appropriate angular 



-6- FERMILAB-Pub-75/33-THY 

factors, we find that the terms associated with the parameters B and C 

involve strong angular correlations.9 The data presently available6 appear 

not to support much angular variation, and we shall tentatively assume 

that B = C = 0 . Clearly, the actual values of these parameters need 

to be measured experimentally. With B = C = 0 , the decay distribution 

(4) is independent of the directions of qrrrr and 5 so that we may as well 

integrate over their solid angles to obtain 

dl? 3B qmp 
dm drzk=ZP i(mzrr-2m,r2) . (l+cos2ek) , 

TllT (~T)~M*~ 4 

(5) 

where 6 
k 

is the angle between the relative lepton momentum c and the 

beam direction z^ . The total differential spectrum is given by 

dr =L %Tp 
dm Cm (6) 

ml ’ (~T)~M#~ 

This function is displayed in Fig. 1 together with the simple phase 

space curve (the factor q,,P normalized to the same area) and the 

modification brought about by the rescattering of the pions which are in 

a relative S state. We see that the factor (m2 
TTlr 

-2mn2) 
2 

, introduced by 

the chiral symmetry coupled with the assumed vanishing of the parameters 

B and C, modifies the simple phase space curve substantially, giving a 

peak at large m Tin * The chiral symmetry breaking corrections which we 

have neglected give a constant term relative to the factor (m2 -2mn2) in 
TTTl 

the amplitude. They may alter somewhat the small m behavior of the ml 

decay spectrum (6). 



-7- FEBMILAB-Pub-75/33-THY 

Integrating (6) over the invariant TI-‘TT mass range gives a width 

2 

lT($‘-++r-) = 1.4 & MeV . 

using 5z6 r(JI’-++~-) = 0.32 I’($ ‘Total) = 150 keV , we find that the 

A2 
dimensionless parameterz = $ . 

We emphasize again that chiral symmetry does not determine 

uniquely the parameters of the decay J1’- $nr . It does predict a 

depletion of events with low TIO invariant mass if terms which give 

jnisotropic distributions are small. Should this turn out to be an 

accurate description, there would still remain two important theoretical 

questions: Why are the anisotropic terms small and what is the precise 

role of chiral symmetry breaking (the LS -term)? 
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FIGURE CAPTION 
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The decay spectrum r -1 dl? c as a function of m 
TTlT 7TTT 

(a) given by Eq. (6) (solid line), (b) given by simple 

phase space (dotted line), (c) given by Eq. (6) modified 

by pion - pion rescattering (dot-dashed line). 
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